


— 1 —

This Interim Scientific Report covers the period December 1,

1977 to December 1, 1978.

1. Hydrodynamic and Reactive Instabilities

The temperature gradient imposed on a fluid in a gravitational

field leads , under suitable conditions, to the onset of convective in-

stability. We have studied the hydrodynamic stability of stationary

and oscillatory convection of binary fluids in which both the Soret and

Dufour effects are included. Previou s work has justifiably neglected

these effects in liquids but they are of importance in gases. We use

the Boussinesq approximation for a B~nard geometry and find a var ia-

tional principle for the critical Rayleigh number necessary for the

onset of stationary convection. Instability may occur if the system

is heated from below or from above. We next drive integral express-

ions for the critical Rayleigh number necessary fo r the onset of

oscillatory convections. We also obtain expressions for the amplitude

of convective and oscillatory motion which depends on the Nusselt number.

These expressions are then used to determine the ranges of conditions

in which heat flux measurements may be used in the study of instability

in binary fluids and the determination of transport coefficients. This

work has been submitted to the journal , The Physics of Fluids (Refs.

150, 151) t
0
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2. Stability and Relative Stability in Reactive Systems Far

from Equilibrium

In previously reported work we investigated this problem by two

independent methods. The first consisted of a thermodynamic approach

in which we assumed that the entropy of the system under consideration

is a maximum at any given time for the given constraints of chemical

concentrations at that time. With that postulate we obtain a thermo-

dynamic equation of motion from which we derive necessary and suffi-

cient conditions for stability, marginal stability, and obtain a postulate

of relative stability of stationary states. The other approach is based

on a stochastic theory in which we use the concept of mean first

passage time for transition from one to the other of two stable station-

ary states. We showed that for a one-variable kinetic system the two

approaches lead to the same prediction of relative stability (see Publi-

cations 126, 127). It is important to test both approaches for two or

more variable kinetic systems and wo rk on thi s problem is in progress.

The formal theory of mean first passage times in multi-variable

systems is available; however, much further development is necessary

to bring that formal theory to a practical prediction. We are approach-

• this problem along a number of lines. Fir st we are looking at two-

variable systems with multiple time scales which can be reduced to

effectively one-variable systems. Secondly, we are investigating the
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technique of statistical linearization for the Investigation of the non-

linear stochastic equations Involved In the problem. Third , we are

planning to make numerical calculations and to check both basic theory

as well as any approximations used in pushing the fo rmal theo ry to

predictive results.

3. Statistical Mechanic s of Stationary States

We have begun an extensive investigation of the formal theory of

statistical mechanics of stationary states. We beg in with the equation

for a large system and show how a part of tha t large system, called

a subsystem. may exist in a quasi , nonequilibrium stationary state.

We find that the fluctuations around this nonequilibrium stationary

state are qualitatively different from equilibrium fluctuations and

from fluctuations calculated with a local equilibrium assumption.

There appears coupling between the fluctuations and the macroscopic

dissipative fluxes; the coupling is due to breaking of time reversal

symmetry. We derive the dyna mic structure factor of importance in

light scattering for a simp le fluid under a tempe rature gr adient and

find this factor to consist of three terms: the first  is the one pre-

dicted by local equilibrium theory and is even in wave vector and

• frequency; the second term is even in frequency and odd in the wave

vector; and the third term is odd both in the wave vector and the fre-

quency. We discuss possible light scattering experiments to measure
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the newly predicted effects. The first article on the forma l theory

has been written and has been submitted to Physical Review (Ref.

144) .

4. Theory of Unimolecular Reactions

We use a stochastic theory based on a master equation to calculate

the r~iean first passage time, aid henc e the rate, for unimolecular de-

composition. We thus generalize the work of Montroll and Shuler for

diatomic molecules to polyatomic molecules. Nonequilibriun t contri-

butions to the reaction rate become important for molecules with few

degrees of freedom and for high total energy. We thus establish limits

of applicability of ‘equilibrium’ reaction rate theories, such as the

RR.KM theory. The equilibrium theory is sufficient if the time scale

of reaction is slow compared to the time scale of vibrational relaxation.

This work has been published in the Journal of Chemical Physic s (Ref.

130).

5. Molecular Beam Research

We are continuing our studies on scattering of Ba + Cl2. So far

we have obtained what we believe to be reliable distributions of positive

ions BaCl~ which are formed in thi s reaction. We have measured both

angular and velocity distributions. The corresponding negative ion

distributions appear to be affected by stray electrons and further work

• is necessary to assure consistency of both positive and negative ion
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distributions.

6. Chemical Waves

Non-linear reaction mechanisms coupled with transpo rt processes,

such as diffusion, may produce chemical waves. We have studied these

proc esses for reaction mechanisms with two time scales , which include

the important class of relaxation oscillations. We have studied pre-

viously such p roblems by means of multiple time scale expansions and

now have used the lowest order approximation to derive bound s and

• expressions for the velocity of waves in these Systems. The oscillatory

chemical reactions studies experimentally so far are all of the relaxa-

tion (two-time scale) type and our work provides a use ful and simple

theoretical framework for future experiments on chemical waves. Thi s

wo rk has been published in th e Journal of Chemical Physics (Ref. 132) .

7. Reactions of Excited Species

We are studying the reactions of photo -excited N02(488 nm) with

cyclo-propane and ethylene. In each case we are following the rate of

the reaction by measuring the rate of disappearance of NO 2 and measu r-

• ing the rate of appearance of reaction products. In the case of the re-

action of NO2 with cyclopropane, one of the reaction products is ethylene.

Thus the problem is complicated by the fact that thi s first  product

fu rther reacts with photo-excited NO 2 and we are wo rking on the prob-

1cm of unraveling the separate reaction rates.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _  • • I ~~~~~~~~~~~~
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